Development of an ERIC sequence typing scheme for Laribacter hongkongensis, an emerging pathogen associated with community-acquired gastroenteritis and travellers' diarrhoea Laribacter hongkongensis is a potential emerging pathogen, associated with community-acquired diarrhoea. For epidemiological purposes, different molecular typing methods, such as pulsed-field gel electrophoresis (PFGE) and multi-locus sequence typing, have been developed for this pathogen. However, these methods require specialized equipment and costly reagents. More importantly, they are labour-intensive and time-consuming, which is not really suitable for foodborne disease outbreak investigations. In this study, we developed a rapid and reliable method using 22-mer primers specific for the enterobacterial repetitive intergenic consensus sequence (ERIC 
INTRODUCTION
Laribacter hongkongensis, a Gram-negative bacterium, constitutes a future health threat to the public as it is a potential emerging foodborne pathogen responsible for human gastroenteritis (Woo et al., 2004; Yuen et al., 2001) . Studies have demonstrated that the risk of suffering from L. hongkongensis-associated gastroenteritis was significantly associated with freshwater fish consumption (Woo et al., 2004; Ren et al., 2010) . In addition, L. hongkongensis has been found in the intestines of healthy food-producing animals such as freshwater fish and edible frogs, which are widely used as ingredients in Chinese cooking (Feng et al., 2012; Teng et al., 2005; Woo et al., 2004) .
Since the potentially pathogenic L. hongkongensis is likely to be transmitted through the food chain, molecular epidemiological information is helpful in identifying the agent and transmission routes for foodborne disease outbreaks caused by this bacterium (Woo et al., 2004; Ren et al., 2010) . Of the molecular-based methods available, pulsed-field gel electrophoresis (PFGE), which separates by size DNA fragments produced by digestion with restriction enzymes targeting specific nucleotide sequences, has been applied to whole-genome profiling for L. hongkongensis strains (Woo et al., 2003) . Another whole-genome genotyping approach, enterobacterial repetitive intergenic consensus (ERIC)-PCR, is a PCR-based technique, focusing on primers for repetitive intergenic consensus sequences. It has a possible advantage over PFGE, in that it has offered high discrimination and has been found to be easier to perform, and less costly and time-consuming than PFGE, making it the method of choice when a single method is to be used for typing, although PFGE is recognized as the gold standard of DNA typing methods (Gürtler & Mayall, 2001; Ventura et al., 2003; Syrmis et al., 2004) . ERIC-PCR has proved useful in the analysis of novel epidemic strains from salmonellosis outbreaks and Vibrio parahaemolyticus gastroenteritis (Marshall et al., 1999; Woo, 2005) .
To develop a reliable and rapid subspecies typing method using 22-mer primers specific for ERIC, 79 isolates of L. hongkongensis obtained from food-producing animals and two from patients with L. hongkongensis-associated gastroenteritis were examined. PFGE profiling was used for comparison, to evaluate this method.
METHODS
Description of isolates employed. Of the 81 L. hongkongensis isolates, 79 were from fish and edible frogs, and two from patients (Table 1 ). All samples of fish and frogs were randomly purchased from five retail markets in Guangzhou, China, during a 1-month period. The fish isolates were recovered from the gut of freshwater fish, including two from bighead carp (Aristichthys nobilis) and 43 from grass carp (Ctenopharyngodon idella). The isolates of frog origin were recovered from food-producing animals, including 19 from non-wide Chinese tiger frog (Rana rugulosa Wiegmann), four from bull frog (Rana catesbeiana), four from black-spectacled toad (Bufo melanostictus Schneider), three from wide Chinese tiger frog (Rana rugulosa Wiegmann), three from Guenther's frog (Rana guentheri Boulenger) and one from giant spiny frog (Paa spinosa David). The procedures for culture, isolation and identification of L. hongkongensis isolates were as described previously (Feng et al., 2012) . Two patientderived strains of L. hongkongensis (HKU1 and LHHZ242), provided by Kwok-yung Yuen and Xiao-ping Ni, respectively, were used as reference strains.
ERIC-PCR. Genomic DNA of each strain was extracted using a DNA extraction kit (TianGen Bio). Firstly, PCR amplification conditions were optimized by separately testing different annealing temperatures, reagents, primer and DNA template concentrations. Following optimization, reaction mixes (50 ml) were set up as follows: 5 ml 106 buffer, 4 ml dNTPs (2.5 mM of each dNTP), 1.25 U rTaq DNA polymerase (TaKaRa Bio), 100 mM of forward and reverse primers ERIC1 (59-ATGTAAGCTCCTGGGGATTCAC-39) and ERIC2 (59-AAGTAAGTACTGGGGTGAGCG-39) (Versalovic et al., 1991) and 10 mmol DNA template ml
21
. The reaction mixtures, following a 'hot start', were subjected to the following optimized thermal cycling parameters in a PCR Thermal Cycler Dice (Takara Bio): initial denaturation at 94 uC for 5 min, followed by 35 cycles of denaturation at 94 uC for 30 s, annealing at 48 uC for 45 s and extension at 72 uC for 4 min, and a final round of extension at 72 uC for 10 min. A negative control (water) and a reproducibility control L. hongkongensis isolate, GF1, were run in each PCR batch and on each gel to ensure a total lack of DNA contamination and evaluate the reproducibility. Amplicons were separated in 2.0 % agarose gels. This was followed by staining with ethidium bromide and visualization by a UV transilluminator in the gel-doc system (Bio-Rad).
PFGE. Genomic DNA was prepared as described previously (Feng et al., 2011) . Chromosomal DNA plugs were incubated with a mixture of 16 U SpeI (TaKaRa Bio) and SpeI buffer at 37 uC for 20 h. Restriction fragments were separated by PFGE with a CHEF Mapper XA system (Bio-Rad) through 1.0 % (w/v) PFGE-certified agarose gel at a field strength of 6 V cm 21 for 25 h at 14 uC, while the pulse time was increased from 2.2 to 54.2 s. Reproducibility was evaluated by replicate analysis of L. hongkongensis isolate GF1 in every gel that was run.
Gel analyses. The genomic fingerprints generated by PFGE and ERIC-PCR were analysed by visual inspection as well as by the BioNumerics v4.0 software package (Applied Maths). In addition to normalization of the fingerprints, the same software was also used for comparison and clustering analyses. Agarose blocks of lambda ladder (0.05-1 Mb) for PFGE (Bio-Rad) and 5000 bp DNA ladder (100-5000 bp) (TaKaRa Bio) for ERIC-PCR were used as markers in each gel. Similarity matrices were calculated using the Dice coefficient and dendrograms were created using the unweighted pair group method with arithmetic mean (UPGMA) and a position tolerance of 2.0 %.
RESULTS

Chromosomal DNA analysis by ERIC-PCR and PFGE
On the basis of a long-period reproducibility of the fingerprints obtained for isolate GF1 using each method, Groups of isolates, with similarities to one another above these values, were regarded as members of the same genotype. In addition, isolates were labelled as sub-types, unless they showed 100 % similarity. All L. hongkongensis isolates examined in this study generated more ERIC-PCR genotypes than PFGE genotypes.
ERIC-PCR profiles
The ERIC-PCR fingerprints showed 5 to 10 bands per isolate in the 200-3000 bp range. There was a high degree of clonal heterogeneity among the 81 L. hongkongensis isolates, as 21 discrete genotypes were recorded (genotypes EA to EU, alphabetically). Genotype ED was the most frequent cluster, with 13 isolates (16.5 % of total 81), followed by genotype EJ (12/81; 14.8 %), and genotypes EH and EK (9/81; 11.1 % each). These four largest clusters accounted for 43 out of the 81 isolates (53.1 %) examined. Of the remainder observed, two genotypes individually contained six isolates, two genotypes each included five isolates, one genotype contained four isolates, two genotypes included two isolates, individually, and 10 genotypes were represented by a single isolate. Unlike the results of PFGE analysis, certain genotypes with a large number of isolates were recovered from both fish and frogs, such as genotype EC with three isolates originated from grass carp and three isolates from non-wide Chinese tiger frog. Notably, the genotypes of the two patient-derived L. hongkongensis strains (HKU1 and LHHZ242) were clustered into genotypes EE5 and EN4, respectively. Specifically, strain HKU1 showed similarity of 93.3 % to an isolate of black-spectacled toad origin, whilst strain LHHZ242 was 92.3 % similar to a strain from grass carp (Fig. 1) .
PFGE patterns
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isolates, mainly recovered from frogs. The genotypes of strains HKU1 and LHHZ242, used as references, were FJ6 and FJ7, respectively. The two strains of L. hongkongensis that were recovered from (unrelated) patients were found to be genetically related to isolates of frog origin (Fig. 2) .
Comparison of ERIC-PCR and PFGE
In this study, 70.4 % (57/81) of the isolates yielded discernible ERIC-PCR genotypes which were concordant with patterns yielded by PFGE (Fig. 3) 
DISCUSSION
Using outward-facing primers in ERIC-PCR as a molecular typing technique has been successful in discriminating between closely related strains of Gram-negative bacteria such as Salmonella enterica and Escherichia coli (Grewal et al., 2002; Shabarinath et al., 2007) . To our knowledge, this is the first report of the application of this PCR-based typing technique for studying the clonal relationships of L. hongkongensis isolates. Our study shows that 81 L. hongkongensis isolates were grouped into 21 and 13 genotypes by ERIC-PCR and PFGE, respectively. It was apparent that ERIC-PCR was able to differentiate between isolates recovered from food-producing animals and patient-derived strains of L. hongkongensis. If the ERIC-PCR minimum similarity cutoff value was lowered to less than 80 %, this would prompt an opposing conclusion. Thus, these results emphasize the need for careful consideration of determining the cutoff value of the source tracking technique being used when evaluating the diversity of isolates or genotypes.
Both methods were repeated for strain GF1 in order to check the reproducibility of the experiments. The same pattern of bands was found for each replicate. ERIC-PCR, therefore, was found as reproducible as PFGE, when the PCR protocol and parameters described above were strictly followed each time. In addition, ERIC-PCR is relatively simple to perform and less time-consuming as compared M2   M3   M3   M4   M4   M4   M4   M4   M4   M4   M4   M5   M5   M6   M7   M7   B3   B3   A10   GF30   GF29   GF16   GF15   GF14   GF17   GF28   GF27   GF22   GF23   GF7   GF8   GF26   GF12   GF18   GF19   GF5   GF31   GF25   GF34   GF32   GF33   GF6   GF13   GF21   GC41   GC45   GF1   GF2   GF10   GF3   GF9   GF11   GC40   GC8   GC10   GC11   GC12   GC13   GC14   GC15   GC38   GC35   GC37   GC1   GC18   GC36   GC26   GC27   GC9   GC39   GC17   GC19   GC21   GC22   GC23   GF4   GC4 GC5 Fig. 2 . Dendrogram of 79 isolates recovered from aquatic products in Guangzhou, China, and two patient-derived strains (HKU1 and LHHZ242), obtained by the analysis of PFGE patterns. 55  60  65  70  75  80  85  90  0  20  40  60  80  0  20  40  60  80  100 to PFGE. It generally took us 4 days to acquire the fingerprints of 10 isolates by PFGE, versus 1 day to obtain the fingerprints of 50 isolates by ERIC-PCR. Unavoidably, the profiles and the intensities of the bands could be affected due to variation in thermal cycling parameters and gel running conditions. Hence, we suggest that standardization of sample processing, conditions of gel running and gel analysis is necessary for differentiating confidently between different isolates.
Non-wide Chinese tiger frog
PFGE of genomic restriction fragments is the current gold standard method used for discriminating isolates of the same species and for tracing outbreak-causing bacterial pathogens with public health implications (Harbottle et al., 2006; Michael et al., 2006) . Nevertheless, this method has the disadvantage of being time-consuming, and requiring specialized equipment and costly reagents in comparison with ERIC-PCR. Woo and his colleagues found that L. hongkongensis strains of fish origin and human origin showed substantial heterogeneity using PFGE and multilocus sequence typing (MLST) (Lau et al., 2010; Woo et al., 2004 Woo et al., , 2009 ). Analysis of the distribution of ERICs revealed that a heterogeneous population of L. hongkongensis existed in the ecosystem as shown in Woo's epidemiology study results using MLST (Woo et al., 2009 ).
When bacterial isolates exhibit indistinguishable profiles, they are generally regarded as having a close genetic relationship. However, such relationships have been found to be dependent on the technique applied (Lim et al., 2005) , as shown in our findings when comparing the PFGE profiling data with the data obtained by ERIC-PCR. The PFGE results seem to be in agreement with some biologically relevant characteristics, such as sources and geographical locations of isolation. For example, the isolates of frog origin were separated from the isolates of fish origin, being clustered into two main groups. One particularly interesting fact highlighted by our results is that the two patient-derived strains were classified into two sub-genotypes using PFGE, showing 72.4 % similarity to each other, whereas according to the ERIC typing results, these two patient-derived strains showed a relatively distant relationship to each other. We believe that changes in ERIC patterns occur independently of those in PFGE profiles, although both of them indicate that changes have occurred in the overall genome. Without complete genome sequencing, there would be no way to tell the nature of the changes. In addition, ERIC-PCR data should not be overemphasized before further investigations into L. hongkongensis strains of outbreaks and epidemics. According to the literature, the risk of suffering from L. hongkongensisassociated gastroenteritis is significantly associated with freshwater fish consumption (Woo et al., 2004; Ren et al., 2010) . Notably, our ERIC profile data show that HKU1, a patient-derived strain, shared 93.3 % similarity with an isolate of frog origin whilst strain LHHZ242, another patient-derived strain, had a profile with 92.3 % similarity to an isolate of fish origin. By contrast, strains HKU1 and LHHZ242 showed relatively close phylogenetic relationships with isolates of frog origin in the results of PFGE profiling, but the similarity indexes were only 87.5 % and 72.4 %, respectively. It would be worth undertaking a future investigation to seek the real source of contamination and modes of transmission of L. hongkongensis.
To conclude, ERIC-PCR would be valuable for use in the epidemiological investigation of L. hongkongensis outbreaks as it is simple, rapid, economical and sensitive to L. hongkongensis. Fig. 3 . Dendrogram of 79 isolates recovered from aquatic products in Guangzhou, China, and two patient-derived strains (HKU1 and LHHZ242), obtained by combined analysis of the PFGE and ERIC-PCR results. A to E represent different markets in Guangzhou, China.
